Two experiments were conducted comparing pelleted recycled newspaper (PN) to wheat straw (S) and kiln-dried pine wood shavings (WS) as an animal bedding material. Adult horses housed 20 to 21 h/ d in boxstalls served as the animal model for comparisons. In Exp. 1 eight boxstalls, each housing one horse, were each bedded with two types of PN (0.32 and 0.64 × 2.54 cm), S, and WS over four 5-d periods (replicated 4 × 4 Latin square). Initial amounts of bedding materials surpassed most commercial conditions, but stalls were cleaned daily of feces only and additional clean bedding was added as needed to maintain animal cleanliness, thus challenging the bedding properties of each material. In Exp. 2 nine boxstalls were bedded with PN (0.32 × 2.54 cm), S, and WS over three 14-d periods (three 3 × 3 Latin squares) during summer and autumn. Feces and wet spots were removed daily and clean bedding was added to reestablish working volume and simulate commercial conditions. In Exp. 1 and 2 daily additions of clean bedding varied (P < 0.05) with material (S > WS > PN). The higher water-holding capacity of PN and WS contributed to fewer bedding replacements.
Introduction
Paper products have high water-holding capacity, as do conventional bedding materials such as straw (S) and wood shavings (WS) (Heimlich and Howard, 1 1359 Usage of each material was greater (P < 0.05) during the autumn; PN had the greatest increase. Type of material and season also influenced bedding environment. Bedding pH increased (P < 0.05) with use and was highest in PN and lowest in S. Higher concentrations of breathable NH 3 N were present in stalls bedded with PN and during autumn. Higher pH of used PN and decreased ventilation due to closed doors and windows during autumn were contributing factors. Season, type of bedding, and duration of its use affected (P < 0.05) numbers as well as species of microorganisms present in the breathing zone, nasal cavity, and on the leg of the horse. Clean and used WS contained greater (P < 0.05) quantities of particle fines, but with 5 d of use, particle fines in PN also increased. Quantities of breathable dust during cleaning of stalls varied (P < 0.05) with material and duration of its use; dust peaked at d 7 with PN but continued to decrease with S and to increase with WS through d 14. These data indicate that management of bedding materials varies with type of material and season of year. Use of PN as a bedding material has high potential. 1990; Morse, 1994; Ward et al., 2000) . Recycled newspaper when used as bedding material in chopped and shredded forms has generated a variety of complaints surrounding littering effects, including bits of paper tangled on animals and equipment, grasses, and trees (Temple, 1989; Apotheker, 1990) . Pelleting recycled newspaper (PN) greatly increases the density and decreases airborne dust particles and combustion potential, and these are valid concerns when recycled newspaper is processed or stored on the farm (Webster et al., 1987; Ward et al., 2000) . Sources of recycled newspaper possessing low toxicity risks are available (Ward 3 Current address: Dept. of Biochem. and Microbiol. 4 Correspondence: 84 Lipman Drive (phone: 732-932-9454; fax: 732-932-6996; E-mail: wohlt@aesop.rutgers.edu). et al., 2000) ; however, in vivo studies comparing PN with S and WS have not been conducted.
Qualities unique to individual bedding materials can change with temperature and relative humidity. In turn, the microbial ecology of clean and soiled bedding and the environment in which animals are confined are affected (Hogan et al., 1989 (Hogan et al., , 1990 Vandenput et al., 1997) . Horses are sensitive to organic particulate matter such as bedding dusts, forage-residing fungi, and molds (Raymond et al., 1994) , resulting in chronic obstructive pulmonary disease and exercise-induced pulmonary hemorrhage.
The objective of this study was to compare chemical, physical, and environmental properties of PN with those of S and WS as bedding for horses. In Exp. 1 only feces were removed daily over a 5-d period, thus challenging the bedding properties and usage of each material. In Exp. 2 both feces and wet spots were removed daily over a 14-d period, during summer and autumn, providing a comparison simulating commercial management conditions.
MATERIALS AND METHODS

Animals, Bedding Materials, and Experimental Design
In Exp. 1 eight adult horses of Arabian and Standardbred breeds, six mares and two geldings having an average weight of 450 kg (416 to 570 kg) and age of 10 yr (8 to 12 yr), were used in a replicated 4 × 4 Latin square design study. Horses were housed 21 h/ d in box stalls averaging 9.3 m 2 ( Figure 1 , Square 1 = stalls 1 to 4; Square 2 = stalls 5 to 8) for four 5-d periods that occurred June 7 through July 3, 1995. During this time period, the stall of each horse was bedded with one of four materials: 1) S produced from Dynasty Seed Wheat (Hoffmann Seed Co., Milan, OH) cut at the boot stage and harvested as square bales (Brook Hollow Farm, Sergeantsville, NJ), 2) kiln-dried pine WS in 0.92-m 3 bags (Emerald Peak Wood, Kingston, ON, Canada), 3) PN 0.32 × 2.54 cm, or 4) PN 0.64 × 2.54 cm. The study was reviewed and approved by the Institutional Animal Care and Use Committee at Rutgers University.
The chemical and physical properties of each bedding material have been reported (Ward et al., 2000) . The PN was produced from municipally collected, bundled, curbside-recycled newspaper courtesy of Hunterdon County Utilities Authority, Division of Solid Waste and Recycling, Flemington, NJ. It contained < 2% non-newsprint materials (e.g., magazine, cardboard, and mail stock) and < 5% moisture due to weather exposure (estimates provided by Alan Johnson, Recycling Coordinator of Hunterdon County). The recycled newspaper was first hammermilled (Ward et al., 2000) and then pelleted at the research production facilites of Andritz Sprout-Bauer (Muncy, PA). Processed paper was sprayed with water to produce the two PN forms measuring 2.54 cm long with diameters of 0.32 and 0.64 cm.
In Exp. 2 nine adult horses of assorted breeds (Arabian, Standardbred, Thoroughbred, and Westphalian), four mares and five geldings having an average weight of 575 kg (439 to 638 kg) and age of 14 yr (8 to 24 yr), were used in a replicated 3 × 3 Latin square design study. Each horse was housed in the same box stall averaging 9.3 m 2 for 20 h/d (Figure 1 , Square 1 = stalls 1 to 3, Square 2 = stalls 5 to 7, Square 3 = stalls 9 to 11) throughout six 14-d periods spanning two consecutive seasons. Three 14-d periods occurred from August 17 to October 19, 1995, representing a summer season, and the remaining three 14-d periods occurred from October 24 to December 19, 1995, representing an autumn season. During each season, the stall of each horse was bedded with three previously described materials: S, WS, and PN (0.32 × 2.54 cm). The study was reviewed and approved by the Institutional Animal Care and Use Committee at Rutgers University.
Management of Animals and Stalls
Horses were housed in an enclosed, roofed barn measuring 28.8 m in length, 27.3 m in width, and 8.2 m at the peak (Figure 1 ). The barn was oriented with the north-to-south axis corresponding to the direction through the barn from the pasture to the road. The barn design included four sets of double sliding doors located at approximately each corner, accommodating both animals and vehicles, and windows at each stall, with the exception of those along the east wall. During the summer, barn windows and north-facing doors were left open at all times. For security reasons, roadside doors were shut except during stall maintenance. During autumn, all windows and doors were shut at all times and opened only when necessary during stall maintenance. Local daily temperature and relative humidity readings in Exp. 1 were obtained from the college meterology department and in Exp. 2 were measured constantly within the barn throughout experimental study periods using a hygrothermograph (Taylor Instruments, Asheville, NC) mounted on a central wall in a protective cage (Figure 1 ).
Horses within a square were divided evenly among stalls of three sizes: four stalls each sized 2.6 × 2.9 m located north to south against the east wall, four stalls arranged in a block each sized 2.9 × 3.5 m in the center of the barn along the south wall between two doors, and three stalls each sized 3.0 × 3.7 m located north to south against the west wall. Horses in all stalls were in view of each other. Walls between stalls were tongue-in-groove board with vertical metal bars above. Sliding stall doors were designed to match stall-dividing walls.
Each day, horses were individually fed grain (0800) and hay (0800 and at 1600 to 1700) according to NRC (1989) recommendations. All horses as a group had ad libitum access to hay in the turnout lot when stall maintenance was being done. Water was available at all times. During the 2-d break between the 5-d periods in Exp. 1 and the 5-d break between the 14-d periods in Exp. 2, horses were turned out onto pasture for 24 h/d and given ad libitum access to hay and water. During breaks between periods, horses were brought in from pasture and fed grain each morning in stalls and then returned to pasture, thus maintaining diet and feeding schedule continuity.
All stall floors were uniform. A clay base was covered by 5 to 7 cm of crushed stone and topped by 2-cmthick, wall-to-wall rubber mats, each mat arrangement fitting into stalls snuggly from wall to wall. Initial quantities and depth of each material to bed an average stall size of 9.3 m 2 were as follows: in Exp. 1, S = 31.3 kg, 18 cm; WS = 39.5 kg, 8 cm; 0.32 cm PN = 147.2 kg, 4 cm; 0.64 cm PN = 191.0 kg, 4 cm, and, in Exp. 2, S = 14.8 kg, 19 cm; WS = 13.7 kg, 6 cm; and 0.32 cm PN = 65.4 kg, 2 cm. The density of S and PN differed (13 to 500 kg/m 3 , Ward et al., 2000) , resulting in different weights to cover stall floors. Experiment 1 was conducted in 26 d and a single composite sample of each clean bedding material was produced for chemical analyses (moisture, pH, NH 3 N). Day-0 usage and chemical content of clean materials were not compared statistically. Usage of materials in Exp. 1 were measured to establish working volumes compared in Exp. 2. In Exp. 2 clean bedding material was sampled in each stall on d 0 of each period.
Daily at 1300 horses were turned out onto a pasture lot. Stalls were then cleaned of feces in Exp. 1 and feces and wet spots (areas made wet by urination) in Exp. 2. The remaining bedding pack was mixed, stacked, and left for 2 h to equilibrate. The moisture content of each stack of bedding in Exp. 2 was measured using a portable moisture tester (Farmex, Aurora, OH). Three randomly probed readings were averaged to produce a moisture reading for each stall. Each stack of used bedding was sampled randomly and a 1-kg composite was stored individually in plastic bags (−20°C). Stacked, used bedding was then redistributed and additions of clean bedding material made to maintain horse cleanliness and restore functional volume (coverage and depth across stall floor). Horse cleanliness was assessed visually and using in vitro methodology (McClain et al., 1997) measuring moisture and organic matter present in the hair coat of horses. Wettness and attachment of organic matter to the hair coat occurred when used bedding materials exceeded approximately 30% moisture (McClain et al., 1997 ; Table 2 ), compromising horse cleanliness and requiring the addition of clean bedding. All additions and weights of clean bedding were recorded daily. At the end of each experimental period, all remaining used bedding was removed from stalls, and stalls were swept, mopped with chlorine solution, and dried before the next period. In Exp. 1 used bedding was weighed for calculation of percentage recovery (DM basis).
Laboratory Analyses and Assessment of the Environment
Clean and used bedding samples were acidified and the Kjeldahl distillation step (AOAC, 1984) was performed to measure NH 3 N. Samples of bedding materials (0.5 g) were also submerged in 50 mL of deionized water for 5 min and the pH was measured using a combination electrode (Fisher Acumet Model 425, Pittsburgh, PA). Moisture was determined by ovendrying 200 g of the pooled samples at 70°C for 72 h (AOAC, 1984) . Dry samples were stored in plastic bags and screw-capped glass jars. Geometric mean particle size distribution was measured by dry-sieving 200 g of unprocessed bedding samples using mesh screens 21.5 cm in diameter that had 3-, 2-, and 1-mm-diameter openings. Samples were placed on top of the stacked screens (3-mm) and were shaken five times in two directions along a 70-cm-long grid distance in even strokes. Bedding retained by each screen was weighed and the percentage of particle distribution was calculated.
In Exp. 2 NH 3 N in the breathing zones of horses was measured using passive diffusion tubes (Ammonia 20/a-D diffusion tubes; Draegerwerk Aktiengesellschaft, Luebeck, Germany) fastened with masking tape to the halters of horses. Samples were taken for 5 h between 0800 and 1300 on d 1, 7, and 14. Exposure of the contents of the tube to the air for 5 h provided a range of measurement of 4 to 300 ppm, trapping NH 3 N present in a zone from bedding level to 2.5 m in height. The tubes were selected for a temperature and relative humidity range of 0 to 40°C and 5 to 95%, respectively, which coincided with the range of the two seasons of the study. Horses were free to move as usual within their stalls when sampling took place.
On d 1, 7, and 14 of each experimental period in Exp. 2, organisms in the breathing zone of the horse were collected using a sterile glass midget impingers (Ace Glass, Vineland, NJ) containing 10 mL of chilled (4.4°C) sterile peptone solution collection media. Air was sampled through impingers by a personal air pump running at 2 L/min for 30 min. The impinger and air pump arrangement were mounted on a surcingle strapped to the horse's girth. The impinger was anchored into a foam cupholder to decrease breakage potential and contained ice to prevent bacterial growth acceleration. Sterile Nalgene tubing connected the impinger to the pump (outflow from impinger), and another tube (air intake to impinger) connected the impinger to the noseband of the horse's halter. The pump was mounted separately by Velcro straps to the surcingle. Samples were immediately transferred to sterile test tubes and placed on ice. Horses moved freely in their stalls and were able to move their heads from bedding level to 2.5 m in height. However, every effort was made to monitor and discourage rolling behaviors by horses.
On d 1, 7, and 14 of each experimental period in Exp. 2, microbial colonies from the nasal cavity of the horse were assessed. A 2-cm 2 area inside the left nostril of each horse was sampled using a chilled (4.4°C), saline-soaked, sterile cotton swab. The swab was immediately submerged into a sterile test tube containing 10-mL of physiological saline solution and placed on ice.
On d 1, 7, and 14 of each experimental period in Exp. 2, organisms in bedding materials were collected by washing the left foreleg of each horse. The midproximal phalanx from the base of the long pastern down to and including the underside of the foot was washed with 2 L of chilled (4.4°C) physiological saline solution. This collection was performed in the stall after the horse had been confined on the bedding material for 20 h. A sterile test tube was used to collect a 20-mL sample of the wash water and was immediately placed on ice. The collection area was considered a trapezoidal cone, and the area measurement was calculated by the formula Π L (D 1 /2 + D 2 /2) + Πr 2 of D 2 = collection area, where D 1 = the diameter of circumference of the midproximal phalanx, D 2 = the diameter of the base of the foot, and L = distance between D 1 and D 2 .
All samples (breathing zone, nasal cavity, and leg wash) were analyzed for populations of microorganisms (aerobes, Gram-negative and -positive bacteria, fungi, yeast, and mold) by plating onto growth media chosen for colony census determination (Atlas, 1996) . MacConkey's agar was selected to detect colonies of lactose-fermenting enteric bacteria, including coliforms (acid produced by the organisms leave red-colored colonies). Plate count agar was used for culturing a wide variety of aerobes representing total aerobic organisms, Gram-negative and -positive bacteria, yeast, molds, and fungi. Potato dextrose agar at pH 5.5 inhibits the growth of many microorganisms (bacteria) and was therefore used to detect yeast, mold, and fungi specifically. Collected solutions were diluted and spread-plated. Plates were incubated at 37°C for 24 h. A range of dilutions through one order of magnitude (1 to 1,000×) was used to obtain readable colony counts of 30 to 300 cfu per plate.
On d 0, 1, 7, and 14 of each period during the autumn season in Exp. 2, indoor particle mass or dust measuring ≤ 10 m (PM10) were collected during stall maintenance between 1300 and 1700, after horses were out of their stalls. A Gelman 3-mm-diameter Teflon filter (Gelman Sciences, Ann Arbor, MI) was mounted in four Marple inertial impactors (MSP, Minneapolis, MN). Air was drawn through the impactors at a rate of 10 L/min for 4 h (Lioy and Wainman, 1988) using Harvard indoor air sampling pumps (Air Diagnostic Engineering, Naples, ME). The location of each of the four samplers remained constant over the study: stalls 1, 6, 10, and the center aisle of the barn (Figure 1 ). This permitted PM10 to be measured in a stall in each square bedded with each of the materials. All sampling units were set at a height of 1 m from the floor. A rotameter calibrated against a bubblemeter was used to set the initial flowrate and to measure the final flowrate. Filters were preweighed using a Cahn-31 (Cahn Instruments, Cerritos, CA) microbalance before use and were kept in closed vessels at all times when not in use. After air sampling, filters were stored indoors with the control blank for 24 h to equilibrate before reweighing. The weight of collected dust was used to calculate breathable dust/m 3 of barn volume.
Statistical Analyses
Data were analyzed using ANOVA by GLM procedure of SAS (SAS, Inst. Inc., Cary, NC). In Exp. 1, the model (19 df) for an unrepeated measure contained square (1 df), horse (square) (6 df), period (3 df), treatment (3 df), square × period (3 df), and square × treatment (3 df). The effects of square were determined using the horse (square) mean square as the error term. For all other effects the error term used was the residual mean square error term. Changes in bedding moisture and particle size distribution in Exp. 1 were analyzed as repeated measures over a replicated Latin square with the model also containing day (4 df), square × day (4 df), period × day (12 df), and treatment × day (12 df). The effect of square was determined using the horse (square) mean square. The effects of treatment and respective interactions with treatment were determined using the between-subject error term (subject refers to "days," the error term computed when all measurements over days is replaced with the average of days). Effect of day and respective interactions with day were determined using the within-subject error term. In Exp. 2 the data were unbalanced and the model (19 df) for an unrepeated measure contained square (2 df), horse (square) (6 df), period (2 df), treatment (2 df), season (1 df), season × square (2 df), season × period (2 df), and season × treatment (2 df). The effect of square and all other effects were determined using the horse (square) mean square and the residual mean square errors terms, respectively. Changes in breathable NH 3 N and colony forming units of microorganisms found in the breathing zone, nasal cavity, and leg of the horse were analyzed as repeated measures over a replicated Latin square with the model also containing day (2 df), square × day (2 df), period × day (4 df), treatment × day (4 df), season × day (2 df), season × square × day (2 df), season × period × day (4 df), and season × treatment × day (4 df). In the analysis of PM10 the model (11 df) contained day (2 df), treatment (2 df), day × treatment (4 df), and location (3 df). Testing of effects and error terms were as described for repeated measures in Exp. 1. Data are reported as least squares means with the difference among means determined by LSD protected by an F-test.
Results and Discussion
During Exp. 1, temperature and relative humidity averaged 20.6°C and 74.5%, respectively. During Exp. 2, temperature and relative humidity recorded inside the barn averaged 17.6°C and 78%, respectively, during the summer and 7.8°C and 68% during the autumn, thus providing the desired seasonal environmental contrasts. Location of horses within the barn by square (Figure 1 ) did not affect (P > 0.05) the chemical, physical, or environmental properties of the bedding materials in Exp. 1 and 2.
Similar initial quantities and depths of chopped paper (recycled phone books and newspaper) could be compared to S and WS as bedding for horses (Mallow and Mowery, 1993; Tanner et al., 1998) due to similarities in density (Ward et al., 2000) . This was not possible with PN due to its 50-fold greater density than S and 15-fold greater density than WS.
In Exp. 1 the total usage (kg DM) of each material as bedding over the 5-d period differed (P < 0.05; Table  1 ). Total usage of PN vs S and WS was dependent on the initial quantities required to bed a stall, whereas differences in total usage between S and WS in Exp. 1 was dependent on the frequency and quantities of material added daily to stalls to maintain animal cleanliness (Table 1) . Straw required 19.6 kg, or 63%, additional material over the initial amount, and WS required 6.9 kg, or 17%, additional material over the initial material added to the stall. Additions of clean S and WS were necessary because the increased (P < 0.05) moisture content of used S and WS compromised animal cleanliness.
In Exp. 2, PN also required the fewest (P < 0.05) additions (n = 4.8) and lowest percentage of initial bedding replaced (145%) within and across seasons (Table 3) . Wheat straw required the greatest (P < 0.05) number of additions (n = 12) across seasons of all bedding materials evaluated in Exp. 2 and had the highest percentage of initial bedding replaced (713%). The water-holding capacity of S is low compared to PN and WS (200 vs 400%, respectively; Ward et al., 2000) . Thus, S required frequent, almost daily, bedding replacement in Exp. 2 (Table 3) . Similar bedding maintenance was required for WS in Exp. 2: 10 daily additions representing approximately 500% replacement of initial bedding. The greater need for daily additions of S and WS vs PN occurred under both the minimal bedding conditions of Exp. 2 (Table 3) , and the deep bedding conditions of Exp. 1 (Table 1) but did not change (P > 0.05) with season in Exp. 2 (Table 3) . However, for usage, the interaction of bedding material type × season was significant (P < 0.01; Table 3 ). Although the number of additions of PN were less than that of S or WS, the quantity of material per addition was Within a row, means without a common superscript letter differ (P < 0.05). greater (P < 0.05) for PN than for S or WS due to the higher density of PN compared to S or WS.
When used bedding materials were weighed out in Exp. 1, less S was recovered (Table 1) . Wheat straw mixed and attached to feces and was difficult to remove when stalls were being cleaned. Thus, small amounts of S bedding were depleted from the stall during the cleaning process. Horses may also have eaten some S, especially because it was harvested in the boot stage. Management of stalls bedded with WS was also difficult. Feces were difficult to separate from WS, especially when manure bits were small. Thus, fecal matter remained as fines among the remaining bedding in order to keep as much WS as possible in the stall and resulted in recovery being 20% in excess of that initially added (Table 1) . Newspaper pellets fell away from the feces on the fork, making separation and stall maintenance simple. Feces fines were present in both sizes of used PN, but less than in used WS. Bedding recovery (Table 1) suggested that horses did not eat significant quantities of PN. Horses were provided adequate feed and hay in this study. Under field conditions, bedding materials of all types are susceptible to being eaten when horses are not fed sufficient hay.
Limited production of S in the northeastern United States in combination with demands for animal bedding by equine, livestock, and poultry industries and laboratory animal care facilities contributes to locally high prices charged for S and WS. At the date this study was conducted, PN could be produced (recycled newspaper = 2.2¢/kg + 3.3¢/kg for pelleting and local delivery) at one-third the cost of S and WS (5.5¢/kg vs 26.5 to 19.3¢/kg, Tables 1 and 3). Cost of stall maintenance, labor required to separate and remove feces and add clean bedding, was not included in the calculation but would have been less for PN than for S and WS due to material cost and fewer bedding replacements. Despite the differences in the density and weight of PN, S, and WS, increased numbers of daily additions of S and WS in Exp. 1 put total bedding cost over the 5 d similar to that of PN (Table 1 ). In Exp. 2, material costs tended to be greater (P = 0.06) during autumn than during summer but differed (P < 0.05) among materials: PN < WS = S (Table 3) . Pelleted newspaper was the most economical bedding material in Exp. 2 under simulated commercial conditions (Table 3) .
Stalls bedded with PN in Exp. 1 never exceeded 30% moisture (Table 2 ). Stalls bedded with PN materials were apparently able to contain and redistribute the moisture evenly throughout the bedding pack and thus required no additions during the 5-d periods of Exp 1. At the end of each 5-d period, PN contained more than 60 kg of moisture vs 40 kg of moisture present in S and WS (Table 2) ; however, total moisture in used bedding at d 5 did not vary with horse (P = 0.29).
Type of bedding material may have been an important factor determining not only moisture concentration but also total quantity of moisture present in stalls. The less dense WS and S provided more available surface area and floor exposure from which moisture from urine, feces, and incidental water spillage could evaporate. Dense PN with higher water-holding capacity absorbed moisture (Ward et al., 2000) . The absorbency of PN is consistent with the results of previous studies. Morse (1994) compared and evaluated newsprint and other commonly used bedding materials (almond shells, shiny paper, and rice hulls) and found newsprint twice as absorptive as the other materials in the short term. Similarly, Heimlich and Howard (1990) compared an array of chopped and shredded forms of newsprint to commonly used bedding materials and concluded that the average absorbency of the newsprint materials was twice that of the compared materials. Ward et al. (2000) also reported that PN and WS had twice the water-holding capacity of S after 24 h. This time point is significant for daily stall management practices.
In Exp. 2 clean bedding materials contained 14.9 to 15.6% moisture on d 0 (Table 4) . Moisture content of used bedding materials differed (P < 0.05) with type of bedding. Used PN and WS that remained after wet spots and manure were removed continued to be a more effective bedding at a higher moisture content than S, thus requiring fewer replacement additions. This was probably due to higher water-holding capacity and moisture distribution capability of PN and WS (Ward et al., 2000) . In contrast, because of the chemical and physical properties of S and its low water-holding capacity, more wet spots of S had to be removed (number of additions, percentage of initial addition replaced; Table 3 ) and only the driest S remained.
Clean WS was acidic compared to clean PN and S (Tables 2 and 4 ). In Exp. 1 the pH of each used bedding material without wet urine spots being removed averaged 8.6 after 5 d of use (Table 2 ). In Exp. 2 with lesser amounts of bedding present in each stall and wet spots removed, the pH content of used bedding on d 14 was also high but differed (P < 0.05) among all the used materials: S = 7.2, WS = 8.1, and PN = 8.7.
Used PN of either pellet size in Exp. 1 contained less (P < 0.05) moisture and a lower percentage of NH 3 N (Table 2) than WS. It is possible that because pellets were densely constructed with less surface area than the other materials, moisture was absorbed within the pellet, providing less surface area for microbial colonization; hence, little additional NH 3 N was produced Within a row, means without a common superscript letter differ (P < 0.05).
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Within a column and item, means without a common superscript letter differ (P < 0.05).
as the result of microbial fermentation. Because all horses were bedded on each type of material, similar urinary secretions of N were diluted and distributed throughout the bedding in all stalls, regardless of bedding type. Stalls bedded with PN also contained more bedding than stalls bedded with WS or S, thus possibly diluting the NH 3 N content. Used WS contained the highest (P < 0.05) NH 3 N content, probably due to higher available surface area and nutrients for microbial colonization than S and PN. However, the low initial pH could have been a factor in trapping NH 3 N. During Exp. 1, S was found to be the most difficult material with which to work in terms of physical discomfort to workers. After 2 d, workers (personal communication) noted extreme odor and experienced eye and nasal irritations due to the large amount of the NH 3 N released while cleaning stalls bedded with S. Frequently, urine that filtered through S was still unabsorbed in a pool beneath the bedding on the floor. After 5 d of use, all bedding materials were alkaline (pH > 8) (Table 2) , increasing the occurrence of volatile NH 3 N. In Exp. 2, NH 3 N concentrations in each bedding material increased twofold with 14 d of use (Table 4).
During the summer of Exp. 2 the NH 3 N concentration in stalls bedded with PN increased (P < 0.05) between d 0 and 7; however, in stalls containing S and WS, NH 3 N concentration did not increase (Table 4) . During autumn all stalls, regardless of bedding type, had increased (P < 0.05) breathable NH 3 N on d 7. Levels of breathable NH 3 N seemed to stabilize after 7 d; concentrations measured on d 7 and 14 were similar. Daily removal of wet urine spots may also have been a factor. It also seemed that pH content of used bedding influenced breathable NH 3 N; as pH increased, atmospheric NH 3 N concentrations increased. Within a row, means without a common superscript letter differ (P < 0.05).
Concentrations of breathable NH 3 N were measured over 5 h before the daily cleaning of stalls in Exp 2. Although horses had been in their stalls for 15 h, disturbances of the bedding mat were minimal. Higher readings of breathable NH 3 N would be expected when stalls are cleaned due to the bedding mat being lifted and turned and buried wet surfaces being exposed, increasing volatile NH 3 N release. It is this activity that causes irritation to workers and should be measured in future studies. Higher (P < 0.05) concentrations of breathable NH 3 N occurred in autumn than in summer (Table 4) , probably because of decreased air replacement from closed doors and windows. Within a row, means without a common superscript letter differ (P < 0.05).
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Changes in particle size distribution of the bedding materials were dissimilar during 5 d of use in Exp. 1 (Treatment × day, P < 0.01; Figure 2 ). More (P < 0.05) particles of clean WS passed the 3-, 2-, and 1-mm screen than particles of clean PN or S, indicating a greater amount of fines initially present in WS than in PN or S. With use, fewer (P < 0.05) particles of PN were retained by the 3-mm screen and concomitantly more (P < 0.05) particles of PN were retained by the 2-and 1-mm screens. During use, PN absorbed moisture, causing pellet expansion, "popcorning," and some fracture. The fracturing allowed small bits of paper to separate from the pellet, causing the fines that accu- mulated over days of use. When the bedding was dried before sieving, the desiccated bits became fines that were small enough to pass through the smaller screen openings. The integrity of PN is thus a concern. Within a row, means without a common superscript letter differ (P < 0.05).
Wheat straw consistently contained the least (P < 0.05) amount of small particles over the 5-d period (Figure 2 ). This, in part, is due to the naturally long, continuous, uncut stems or cellulose fibers of S, compared to the considerable mechanical processing of the other bedding materials (Evans, 1989) . The greater distribution of smaller particles in used PN and WS poses several concerns. Animal cleanliness is diminished, as demonstrated by the greater transfer of used bedding to the hair coat of pony hide by used PN and Within a row, means without a common superscript letter differ (P < 0.05). Within a row, means without a common superscript letter differ (P < 0.05).
WS than from S (McClain et al., 1997) . Potential health risks may also exist with the use of PN and WS due to small particles being airborne (Raymond et al., 1994) .
During autumn of Exp. 2, airborne PM10 did not vary with location sampled (P = 0.57) but did vary among bedding material types with day of use (treatment × day, P < 0.005; Table 4 ). The PM10 of air in stalls bedded with WS increased (P < 0.05) during the time period. Stalls bedded with PN gave totally different results; PM10 was initially high (P < 0.05) during the first 24 h and peaked at d 7, but PM10 at d 14 was comparable to that in stalls bedded with S, which exhibited no change in PM10 over time.
There is a possible hypothesis regarding the d-7 effect noted with breathable NH 3 N and airborne PM10. After stalls have been stripped clean, they are initially bedded with clean materials. It may take 7 d of animal use with regular daily maintenance before the stall's bedding environment achieves equilibrium in terms of the distribution of moisture, NH 3 N, and particle fines within the bedding and entry into the breathing zone. If stalls are regularly maintained, total evacuation of bedding materials from stalls is rarely necessary. As long as the d-0 to d-7 adjustment phase can be avoided, the most extreme environmental effects of the bedding process could also be avoided. Longer trial periods would allow for further investigation into the 7-d effect.
Season, type of bedding material, and day affected (P < 0.05) numbers as well as species of microbes present in the breathing zone, nasal cavity, and on the leg of the horse (Tables 5, 6 , and 7). The disinfectant properties of NH 3 N at pH 8 (the average pH of soiled materials) in bedding materials could reduce the conditions supportive to many bacteria but not be inhibitive to fungi and mold (Atlas, 1996) . Higher (P < 0.05) counts of yeast, molds, and fungi (on potato dextrose agar) were present in the breathing zone during autumn than during summer (Table 5 ). Higher (P < 0.05) total organisms (plate count agar) also were present on the leg of the horse in autumn (Table 5) . However, during the summer, higher (P < 0.05) numbers of enteric organisms (on MacConkey's agar) were present in the breathing zone, and greater (P < 0.05) numbers of yeast, mold, and fungi colonies were present in the nasal cavity (Table 5 ) than during autumn. More (P < 0.05) enteric organisms were present on the legs of horses bedded with WS than on those bedded with PN or S (Table 6 ). This may have been due in part to higher volumes of fine particulates present in WS (Figure 2) . The particle fines combined with fecal matter provide a nutrient-rich growth environment for a variety of microorganisms. Horses bedded on S had greater (P < 0.05) numbers of enteric microorganisms in the nasal cavity than did horses bedded with WS. Yeast, mold, and fungi counts were higher (P < 0.05) on d 1 than on d 7 and 14 in leg washes (Table 7) . However, in the breathing zone, yeast, mold, and fungi counts peaked on d 7 rather than on d 1. Numbers of enteric bacteria (MacConkey's agar) in leg washes and the breathing zone and total colony counts (plate count agar) in the breathing zone peaked on d 7. The changes observed with day may reflect one or multiple changes in the support environment: pH, moisture, NH 3 N, fecal or urinary contents of beddings. For most main effects (season, treatment, and day), microbial colony counts differed by less than half a log. Although these counts were statistically different, such a variation would not usually imply any real biological difference.
Implications
Quantities of materials used as well as cost can vary tremendously among sources of animal bedding prod-ucts. The water-holding capacity, pH, and ammonia nitrogen content; breathable ammonia-nitrogen and dust; and numbers as well as species of microorganisms present in the breathing zone, nasal cavity, and on the leg also vary with type of bedding material and season. Thus, producers need to implement different management practices with different bedding materials. Use of pelleted recycled newspaper as animal bedding has high potential.
